We studied the relations between reported alcohol use and the incidence of hospitalization for several types of cerebrovascular disease. Daily consumption of three or more drinks, but not lighter drinking, was related to higher hospitalization rates for hemorrhagic cerebrovascular disease, especially intracerebral hemorrhage. Age, blood pressure, and black race were other independent predictors of hemorrhagic events; higher blood pressure appeared to be a partial mediator of the relation between alcohol use and hemorrhagic events. Alcohol use was associated with lower hospitalization rates for occlusive cerebrovascular disease; an inverse relation was present in both sexes, whites and blacks, and for extracranial and intracerebral occlusive lesions. Other predictors of hospitalization for occlusive disease included age, blood pressure, smoking, blood glucose and total cholesterol concentrations, and baseline disease. Our data suggest that heavier drinking increases the risk of hemorrhagic cerebrovascular events, but that alcohol use may lessen the risk of occlusive lesions. (Stroke 1989;20:741-746)
M ost relevant investigations suggest that
alcoholic beverage use, especially heavier drinking, is associated with a higher risk of stroke.'- 9 Some studies 58 did not differentiate hemorrhagic from occlusive strokes; others retrospectively examined the role of drinking sprees in both occlusive 12 and hemorrhagic 34 stroke in young persons. One study 7 suggested that alcohol was involved in both types of stroke and another 9 that alcohol was associated only with hemorrhagic stroke. The study of a large cohort of women 10 showed drinkers to be at a higher risk of subarachnoid hemorrhage but at a lower risk of occlusive stroke. Other studies found no alcohol-stroke association when blood pressure" or cigarette use 12 were taken into account. In view of the need for further data, we present a new prospective study of hospitalization for hemorrhagic and occlusive cerebrovascular disease in a large population.
Subjects and Methods
The study population consisted of 107,137 persons (74,096 white; 33,041 black) who received health examinations in a prepaid health plan from January 1978 through December 1984. The examination was, for most persons, a routine health appraisal. The procedure included questionnaires, a panel of health measurements, and laboratory tests. For individuals who had one or more examinations, we used data from only the first examination as baseline data.
An alcohol questionnaire initially classified persons by their use of alcoholic beverages in the past year. We defined lifelong abstainers as nonusers who answered that they drank alcohol in the past never or almost never. Drinkers were asked how many drinks they usually had during the past year: >9/day, 6-8/day, 3-5/day, 1-2/day, < I/day but >1/ month, and <I/month (special occasions only). Drinkers also indicated the number of days per week they consumed wine, beer, and hard liquor (whiskey, gin, rum, cocktails, brandy, vodka, etc.). Among persons who drank >1 drink/month, we defined preferrers of a beverage as those who drank a beverage type exclusively or at least 1 day/week more often than either of the other two beverage types.
All subjects were followed until they left the health plan or until December 1984, whichever occurred first. Hospitalization for cerebrovascular disease (674 hospitalizations for 581 patients) was detected by a search of computerized hospital records for discharge diagnostic codes 430-438 of the International Classification of Diseases, Adapted for Use in the United States: Eighth Revision (ICDA). 13 These codes included subarachnoid hem- orrhage (code 430, n=23), cerebral hemorrhage (code 431, n=46), occlusion of precerebral arteries (code 432, /i=124), cerebral thrombosis (code 433, n=104), cerebral embolism (code 434, n=17), transient cerebral ischemia (code 435, n=63), acute but ill-defined cerebrovascular disease (code 436, n=241), generalized ischemic cerebrovascular disease (code 437, n=8), and other and ill-defined cerebrovascular disease (code 438, n=48). All analyses used the Cox proportional hazards model. For economy in the regression analyses, we used a 10% random sample of all persons not hospitalized for CVD (n= 10,390) as the comparison group.
We attempted to identify persons who at the first examination were free of clinical cardiovascular disease and other recent serious illness that might influence alcohol consumption (no baseline disease). This required a "no" response to seven questions concerning current "heart trouble," current "chest pain or pressure," current "trouble breathing or shortness of breath," history of "heart disease or heart attack (coronary, infarct)," "frequent chest pains or discomfort brought on by ordinary activity. . .which are relieved in a few minutes by rest," being "hospitalized," or "serious illness, surgery or injury" in the past year.
After initial data analysis, we reviewed a systematic sample of 50 ocdusive cases; 41 (82%) records were obtainable. All but one of the 41 cases were judged to have ocdusive disease. Of 20 cases coded cerebral thrombosis, 19 (95%) actually had an ocdusive stroke; the other was a miscoded cerebral hemorrhage. A striking finding among ocdusive cases coded as occlusion of precerebral arteries was that 14 of the 15 cases reviewed (93%) were hospitalized not for an acute neurologic episode but for diagnosis or treatment of atherosclerotic extracranial (usually carotid) artery occlusion. Since 41 (97.6%) of 42 ocdusive cases reviewed actually had ocdusive disease, we did not carry this validation further, nor did we rerun the analyses for ocdusive disease.
We also undertook to validate one half of the hemorrhagic cases, but because of an obvious high error rate we enlarged this review to all available charts (72 of 80, 90%). Of the 72 hemorrhagic cases reviewed, nine were found to be subdural hematomas or hygromas and two were probably nonhemorrhagic infarctions. Furthermore, one case classified as intracerebral hemorrhage was really subarachnoid in location. All known errors were corrected and all analyses of the hemorrhagic subsets were rerun. Table 1 shows characteristics of the hemorrhagic cerebrovascular disease cases, the ocdusive cerebrovascular disease cases, and the 10% random sample of all noncases. Descriptive data 14 concerning persons of differing drinking habits have been published.
Results
Former drinkers, persons drinking <1 drink/day, and persons drinking 1-2 drinks/day had a risk of hemorrhagic cerebrovascular disease similar to that of the reference group, lifelong abstainers ( Table 2 ). The relative risk (RR) for persons who reported a usual daily intake of 5:3 drinks/day (n=ll) was slightly, but not significantly, increased. The risk of hemorrhagic events among ^3 drinks/day drinkers was higher in the subset free of baseline disease (RR=3.64,95% confidence interval [CI] = 1.11-11.92) and became slightly higher in this subset when blood pressure was excluded from the analysis (Table 3) . Even in this subset, lighter drinking showed little relation to hemorrhagic events.
With respect to hemorrhagic events, the RR and 95% CI comparing ^3 drinks/day drinkers to abstainers for some subset analyses are men (n=15), RR=2.64 and 95% CI=0.29-24.18; women (n=28), RR=4.43 and 95% CI=0.88-22.28; blacks (n=18), RR=2.16 and 95% CI=0. 24-19.39 ; whites (n=25), RR=4.60 and 95% CI= 1.11-19.05; subarachnoid hemorrhage (/i=15), RR=1.62 and 95% CI=0. 22-11.82 ; and cerebral hemorrhage (n=28), RR=6.82 and 95% CI= 1.48-31.44. These RRs were calculated for the subset free of baseline disease and were not controlled for blood pressure.
Former drinkers were at a risk similar to abstainers for occlusive disease, but all drinkers were at lower risk (Table 2 ). This inverse alcohol-occlusive disease relation was weaker in persons with no baseline illness and was weakened further by excluding blood pressure from the analysis (Table 3) . We found no major sex differences, but the inverse relation was stronger in blacks than whites (Table  4 ). There were no major differences with respect to the alcohol-cerebrovascular disease relation between occlusion of precerebral arteries, cerebral thrombosis, or transient ischemic attacks (Table 5) .
Among the few persons (n=6) who drank s 6 drinks/day, the RR of occlusive disease was 0.60 (95% CI=0.25-1.49), whereas the RR was 0.39 (95% CI=0.21-0.72) for persons drinking 3-5 drinks/ day (n=15). Thus, the inverse alcohol-occlusive disease relation was not progressive at the heaviest levels of drinking.
Controlling for all other traits (including the total number of usual daily drinks), use of specific beverage types had no significant independent relation to the risk of hemorrhagic cerebrovascular disease. The use of wine had a weaker inverse relation to occlusive cerebrovascular disease than use of hard liquor or beer. For all persons reporting drinking specific beverage types at least 2 days/week compared with lifelong abstainers, the RR and 95% CI for occlusive disease was for wine, 0.66 and 0.41-1.06; for hard liquor, 0.38 and 0.24-0.60; and for beer, 0.42 and 0.24-0.73.
Alcohol was not related to ill-defined or nonspecific cerebrovascular disease (ICDA codes 436-438) diagnosed in a large group (n=274) of persons. Compared with abstainers, the RR and 95% CI for <I/day, 1-2/day, and ^3/day drinkers with these diagnoses were 0.83 and 0.59-1.16, 0.68 and 0.44-1.07, and 0.95 and 0.53-1.60, respectively. Combining all cerebrovascular disease categories (ICDA codes 430-438), the alcohol-associated risk was dominated by the lower risk of the large subset of persons with occlusive disease; for all cerebrovascular disease patients (n=581), the RR and 95% CI for <I/day, 1-2/day, and s3/day drinkers were 0.77 and 0.61-0.98, 0.69 and 0.51-0.93, and 0.77 and 0.53-1.10, respectively.
Age had the expected relation to both hemorrhagic and occlusive cerebrovascular diseasestronger to occlusive disease (Table 2) . Women were at slightly lower risk of both types of disease. Blacks were at significantly greater risk of hemorrhagic but not occlusive cerebrovascular disease. Smoking had a significant relation to occlusive disease. Systolic blood pressure was positively related to both types, but baseline disease was significantly related only to occlusive disease. Adding total cholesterol and blood glucose concentrations to the analyses did not appreciably affect the associations with alcohol. Neither was related to hemorrhagic events (RR per 10 mg/dl cholesterol= 1.00, 95% CI = 0.95-1.05; RR per 10 mg/dl glucose=1.00, 95% CI=0.99-1.01). Both were significantly related to occlusive disease (RR per 10 mg/dl cholesterol = 1.06, 95% CI= 1.04-1.09, p<0.001; RR per 10 mg/dl glucose=1.05, 95% CI= 1.03-1.07, /?<0.001). Including cholesterol and glucose concentrations in the analyses, but controlling for baseline disease and blood pressure, the RR for ^3 drinks/day drinkers were for hemorrhagic disease RR 1.54 (95% CI=0.60-3.96) and for occlusive disease RR 0.53 (95% CI=0.31-0.93).
Discussion
Incorrect diagnosis is one of the major inherent difficulties encountered in epidemiologic studies of cerebrovascular disease, 15 although the likelihood of error presumably has lessened substantially with the widespread use of diagnostic imaging techniques. Computed tomography was used in almost all the cases we reviewed. Assuming some incorrect diagnoses, it is possible that alcohol-associated head injury might spuriously increase the apparent incidence of cerebrovascular disease among heavier drinkers. However, such an artifact could not explain the reduced incidence of occlusive disease observed among drinkers.
Incorrect classification of the type of cerebrovascular disease is another potential problem. The differences we found between hemorrhagic and occlusive disease with respect to the associations of alcohol, race, and other characteristics suggest that we were studying different clinical entities. Since most of our subjects with extracranial occlusions were admitted for carotid arteriography or endarterectomy, we use the term "cerebrovascular disease" rather than stroke.
Incorrect assessment of alcohol consumption is frequently, but erroneously, cited as an indirect explanation for the associations found in population studies. Underestimation of alcohol intake could weaken a true relation (positive or inverse), but unless underestimation is systematically related to subsequent disease, this problem would not create an apparent association that did not exist.
The higher risk of hemorrhagic cerebrovascular disease we found among heavier drinkers is compatible with the results of other reports. 347910 However, in contrast to one study, 9 we found no relation to lighter alcohol intake, and we found the alcohol relation to be stronger for intracerebral hemorrhage than for subarachnoid bleeding. Heavier drinking has consistently been found to be associated with hypertension, 16 -18 and this may partly explain the higher risk of hemorrhagic cerebrovascular disease. If alcohol-induced hypertension is a link in a causal chain leading from alcohol use to cerebrovascular disease, a thorough analysis should exclude the effects of hypertension.
Another suggested mechanism is an alcoholinduced bleeding tendency. 19 -21 Head trauma related to heavier drinking could also precipitate intracranial hemorrhage. Thus, a direct causal relation between alcohol use and hemorrhagic cerebrovascular disease remains unproven.
To our knowledge, our study is the first to report a significant inverse relation in both sexes between alcohol intake and occlusive cerebrovascular disease. In a study of Japanese men 9 that distinguished hemonrhagic from occlusive disease, no significant relation between alcohol use and occlusive disease was seen. In a case-control study 8 that did not subdivide cerebrovascular disease, lighter drinkers were at slightly lower risk than abstainers, possibly due to an inverse relation between alcohol use and occlusive disease. Our findings among women are similar to prospective data among female nurses, 10 which showed a lower risk of occlusive stroke among drinkers.
Relations between alcohol use and various cardiovascular diseases are complex. 22 Mechanisms have been postulated 23 by which heavier drinking might produce the opposite of our finding-an increased risk of occlusive cerebrovascular disease. These include 1) emboli secondary to cardiomyopathy, 2) emboli secondary to supraventricular arrhythmias, 3) a thrombotic tendency in some drinkers, 2425 and 4) possible cerebrovascular spasm. 26 Judging from our large study group, these potential causes of occlusive disease among heavier drinkers must be relatively uncommon. A relation between spree drinking and stroke in young persons '-4 has been attributed possibly to hypercoagulability, 24 
-
25 hemoconcentration, or prolonged neck posturing during drunken stupor in spree drinkers. Spree drinkers may be underrepresented in population studies of cooperative patients. It is probable that spree drinking has health effects different from those of steady drinking. 27 Since blood pressure is directly related to both occlusive cerebrovascular disease and alcohol consumption, the weakening of the inverse alcoholocclusive disease association with exclusion of blood pressure from the analysis was expected. Without analytic control for blood pressure, its cerebrovascular disease-inducing effects would tend to counteract any possible protective effects of alcohol and to reduce the apparent inverse association.
Biologically plausible explanations for a lower incidence of occlusive cerebrovascular disease in drinkers include 1) less coronary artery disease and resulting cerebral emboli, 2829 2) reduced extracranial and intracerebral atherosclerosis due to a possible protective effect of increased high density lipoprotein (HDL) cholesterol concentration, 10 -33 3) a similar favorable effect on serum apolipoproteins, 34 and 4) the cited 19 -21 hypothetical antithrombotic action of alcohol. The evidence is good that the concentration of HDL cholesterol, believed to protect against coronary artery disease, is raised by consumption of alcohol. 30 -33 So far, data with respect to HDL cholesterol and apolipoprotein concentrations and cerebrovascular disease are not available. The possible effects of alcohol upon lipoproteins and thrombosis might coexist as protective mechanisms against occlusive cerebrovascular disease; such coexistence is supported by some data pertinent to coronary disease. 35 A single study cannot establish an inverse relation between alcohol use and occlusive cerebrovascular disease. Features of our study that favor a true inverse relation are 1) the strength of the association, 2) apparent substantial independence from potential risk factors, 3) general similarity among several subsets of occlusive disease, 4) substantial independence from beverage type, and 5) biologic plausibility. However, the association of alcohol drinking with a lesser risk of occlusive cerebrovascular disease could be indirect. We have no data, for example, about aspirin use or food habits among alcohol drinkers and abstainers. Despite these disclaimers, a causal protective effect of alcohol against occlusive cerebrovascular disease is a real possibility; it is probably the most plausible explanation for our findings.
Public health considerations with respect to alcohol use must always be dominated by the established risks of uncontrolled drinking. The increased risk of hemorrhagic cerebrovascular disease should be added to the already compelling list of the hazards of heavier drinking, but there is nothing in our findings to suggest that lighter drinking increases hemorrhagic cerebrovascular disease risk. The apparent inverse relation between alcohol use and occlusive cerebrovascular disease needs confirmation and is not yet sufficiently established to advise persons to use alcohol to reduce cerebrovascular disease risk. However, it is also not appropriate to advise lighter drinkers at risk of cerebrovascular disease to abstain if such persons do not exhibit uncontrolled alcohol use or idiosyncratic reactions to alcohol. There is nothing in our data to justify heavier drinking since the apparent possible benefit for occlusive cerebrovascular disease is similar for lighter and heavier drinking.
